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We examine a conjecture stating that nuclear deformation will have a signicant eect on ob-
servables in U on U collisions at relativistic energies. We nd that the initial density distributions
that are associated with the low-lying states of uranium show far less deformation than the intrinsic
state from which they are derived. We point out that polarized beams will be needed to study the
role of deformation in uranium on uranium collisions.
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The main object of high energy heavy ion collisions is the study of strongly interacting matter in states of density
and/or temperature that are far removed from equilibrium. One of the goals of the program is to produce a novel
state of matter that is predicted by QCD: the quark-gluon plasma [1]. The theoretical activity generated by this
exciting prospect has been considerable, and a vigorous experimental program has also existed for over twenty years.
In this respect, the turning on of RHIC at Brookhaven National Laboratory later this year will mark the dawn of a
new era in relativistic heavy ion physics.
It is clear that the initial energy density of the excited matter will depend on the number of elementary nucleon-
nucleon collisions occurring inside the interaction volume, and that therefore the geometry of the colliding objects will
play a role. Following this line of thought, some recent estimates involving Uranium have been made on how the spatial
anisotropy of the initial states could influence experimental measurements of elliptic flow, pion and kaon production
[2,3]. Such estimates are typically made using semi-classical simulation models whose initial states are constructed for
a Monte Carlo sampling of a density distribution. This is standard practice for the numerical simulation of heavy ion
collisions [4]. However, such estimates should not rest on using the nuclear intrinsic states as the initial wavefunctions.
We will explain our thoughts in this paper and point out that this in fact overestimates the eect. This paper is
organized as follows: we specify the nature of the Uranium ground state and we obtain the density that follows from
this description. We then investigate whether those densities show enough anisotropy to be of experimental relevance
in relativistic heavy ion collisions.
We shall rst suppose that the colliding beams contains only the ground state of even-even Uranium. What is the
nature of this ground state? One can do a shell model calculation to obtain this but it is also well-known that a good
approximation can be obtained by doing a deformed Hartree-Fock-Bogoliubov calculation from which the ground





(Ω) R^(Ω)0(x) : (1)
We use the convention of Rose [6] for the DJMK functions. Here the subscript 0 in  means that the Hartree-Fock-
Bogoliubov solution, 0, has axial symmetry (K=0, where K is the component of the total angular momentum along
the body-xed symmetry axis). R^(Ω) is a rotation matrix, where Ω stands for the three Eulerian angles ;  and γ.









I0 = 1. If the beam has only the ground state of
even-even U then we should use J = M = 0. From the formalism outlined here, (i.e. from Eq. (1)), it is already
clear that this will lead to a density distribution that is completely spherically symmetric. One can not discuss of
orientations in collisions of such objects. Let’s however proceed to obtain explicitly the density distribution associated
with the wavefunction we have specied.
The shell model wavefunction, Ψ00(x), of Eq. (1) is complicated and to obtain the ground state density from it
would be quite dicult. We should exploit here the fact that heavy deformed nuclei are very well described by the
Bohr-Mottelson (BM) model [7] according to which we write





(Ω) ~0(x0) : (3)
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Here ~0 is the BM intrinsic state [7] and x0 refer to body-xed coordinates. The number of coordinates in x0 is 3N −3
where N is the number of particles. The intrinsic state is at an orientation Ω = ; ; γ with respect to the space-xed
system and ( 2J+182 )
1=2 DJM0
(Ω) is the amplitude for the intrinsic state to be at this Ω. Exploiting the fact that the
intrinsic state has k=0, the density in the jJMi state can be written as
JM (~r) =
Z
sin d dγjYJM (; γ)j2~(; γ; x0) (4)
FIG. 1. The density distribution, ~, for the intrinsic state. The dashed line shows the density distribution in the x direction,
and the full line shows the density distribution in the z direction.
We have indicated that the intrinsic state density ~(x0) is tilted (its symmetry axis is tilted) at angle ; γ with
respect to space-xed axes. This ~ is a density constructed from the intrinsic wavefunction only and it is not the
actually physical density. In keeping with a popular parameterization we take ~ to be a spheroid with semi-axes Rl
and Rs. We use R = r0A1=3, with r0 = 1.12 fm, and Rl = R(1 + 2=3); Rs = R(1− =3). The deformation parameter
 is 0.27 for Uranium [7]. For simplicity, a constant density is assumed in the intrinsic state. The spheroid described
above has a sharp surface. If the beam has only the ground state we should use Y00 in the above equation. As a result
the density 00(r) is entirely spherical, by inspection. Any deformation that may be apparent in a given collision event
of two ground state Uranium nuclei event will solely be due to fluctuations of positions within this spherical nucleus.
This eect will be small. The deformation parameter  will manifest itself only indirectly through the nuclear surface
diuseness. It is worthwhile noting that even though ~ is constant, in the spin zero ground state 00(r) is constant
only up to distance r = Rs and will decrease gradually to zero at r = Rl.
As a reference for our upcoming calculations, we rst highlight the asymmetry of the intrinsic state. We construct
its density distribution by distributing a certain number of test nucleons in the spheroid volume by Monte Carlo
sampling. This constant-density distribution is shown in Fig. 1. The long axis is oriented in the z direction, and the
short one in the x direction. One sees that the density is in fact constant (up to Monte Carlo fluctuations) up to Rs in
the x direction, and up to Rl in the z direction. Bear again in mind that the actual ground state density distribution
is completely isotropic. Initializing initial states for semi-classical collision calculations from such a distribution will
yield no direct information on .
We now sample the density distributions for low lying excited states of our Uranium nuclei by following the same
procedure as that for the intrinsic state, only using Eq. (4). Experimentally, those states are accessible and controlled
through the use of polarized beams. The density distribution corresponding to the quantum state Ψ20, 20, is shown in
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Fig. 2. Finally, the coordinate space structure of the Ψ22 state is displayed in Fig. 3. To simulate the collision of j20i
or j22i states, it is those density distributions one needs to sample to initialize a semi-classical transport calculation.
If the beam axis is the z axis, \tip-tip" collisions (the long symmetry axis of the intrinsic state parallel to the beam
axis) would in fact correspond to colliding two nuclei whose actual density would be that represented by Fig. 2. One
can clearly see there that the quantum nature of the nuclear wavefunction has produced a density distribution that is
considerably more smeared out than that of the intrinsic state. From this gure it appears extremely unlikely that an
ultrarelatvistic nuclear collision can propagate information on the original deformed states. We repeat this exercise
with the Ψ22 state. The result is shown on Fig. 3. The only dierence is what was a slightly prolate deformation for
Ψ20 has turned into a slightly oblate one for Ψ22. The same somewhat pessimistic conclusions are however reached.
For quantitative estimates let us consider < jzj > and < jxj > where < jzj > is the value in the beam direction
and < jxj > is the value perpendicular to the beam direction. For the idealistic case of tip-tip collisions of deformed
intrinsic states, these are 3.15 and 2.44. Of signicance is the ratio which is 1.29. With colliding nuclei each in the
Ψ20 state, those value changeto 2.83 and 2.61, respectively. The ratio comes down from 1.29 to 1.08. In Ψ22 states
(body-body collisions), this ratio is .93 compared to 1/1.29=.76 if collisions between intrinsic states are considered.
Those results are summarized in Table I.
FIG. 2. Same caption as for Fig. 1, but for the Ψ20 state.
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FIG. 3. Same caption as for Fig. 1, but for the Ψ22 state.
In conclusion, it appears that all deformation eects are lost when considering the collision of two Uranium nuclei
in their ground state. This loss of information is not related to collision dynamics, but rather to the initial spherical
symmetry of the projectile and target. One could hope to regain sensitivity by considering polarized beams where
the initial quantum state can be chosen. Even then, the small anisotropy of the initial density distributions make it
a dicult task. While it is clear that the physical states do not exhibit the stronger anisotropy of the intrinsic state,
initializing a semi-classical simulation with the latter is tantamount to neglecting the intrinsic quantal nature of the
colliding nuclei.
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TABLE I. The average coordinate values and their ratio, for the densities associated with the listed wavefunctions.
Wavefunction hjxji (fm) hjzji (fm) hjzji=hjxji
~0 2.37 3.07 1.30
Ψ20 2.54 2.74 1.08
Ψ22 2.68 2.48 0.93
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